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DESCRIPTION 

ELECTROSPORESIS APPARATUS, ELECTROSPORESIS METHOD AND METHOD 

OF DETECTING BIOLOGICAL MATERIAL USING SAME 

5 

TECHNICAL FIELD 
The present invention relates to an electrophoresis apparatus and an 
electrophoresis method suited to detection of biological material such as nucleic acid. 

10 BACKGROUND ART 

In recent years, biochips known as DNA microairays and DN A chips have been 
developed for disease diagnosis and investigation. Methods of manufacturing biochips 
include a method of direct solid phase synthesis of a short-chain nucleic acid using 
photolithographic techniques on a substrate of silicon and the like (Patent Documents 1 

1 5 and 2) and a method of immobilizing biological probes (hereinafter referred to simply as 
"probes") such as nucleic acids onto a chemically or physically modified substrate by 
spotting method (Non-Patent Document 1). There is also known an immobilization 
method that involves binding a plurality of hollow fibers in resin, introducing a 
probe-immobilized gel in the hollow portion of each hollow fiber, and then obtaining a 

20 section thereof by slicing in a direction perpendicular to the gel-holding hollow nber 

(Patent Document 3). Methods such as that disclosed in Patent Document 3 can retain a 
probe not only on the surface of a chip but in the thickness direction as welL This 
allows the introduction of a large volume of probes to obtain a high detection sensitivity, 
In addition, electrophoresis can increase the hybridization efficiency ofbiochips 

25 in which such probes are immobilized in gel. Hybridization methods employing 
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< electrophoresis include a method that performs a hybridization reaction and washing 
away of excess samples that are not hybridized at a high-speed (Patent Document 4). 
Non-Patent Document 1: Science, Oct. 1995, Vol. 270, No. 5235, 467-470 
Patent Document 1: U.S. Patent No. 5,445,934 specification 
5 Patent Document 2: U.S. Patent No. 5,774,305 specification 

Patent Document 3: Japanese Unexamined Patent Application, First PublicationsNo. 
2000-270878 

Patent Document 4; Japanese Unexamined Patent Application, First PublicationxNo, 
2000-60554 

10 

DISCLOSURE OF THE INVENTION 
Problems to be Solved by the Invention 

However, in the method disclosed in Patent Document 4, the sample solution 
and the electrodes are in contact As a result, the hybridization efficiency falls due to 
15 adsorption of the sample molecules onto the electrodes and decomposition of the sample 
molecules due to the electrode reaction caused by electrolysis. 

Also, since the sample solution and the electrodes are in contact, bubblibg of gas 
generated at the electrodes due to electrolysis prevents migration of the sample molecules 
in the intended direction, and thus additional time is required for the hybridization 
20 reaction and washing treatment 

An object of the present invention is to provide an electrophoresis appasatus and 
an electrophoresis method that can suppress adsorption of sample molecules onto the 
electrodes and decomposition of the sample molecules due to the electrode reaction 
caused by electrolysis and eliminate the effects of gas generated from the electrodes by 
25 the electrolysis in order to attain a high hybridization efficiency. 
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Another object of the present invention is to provide an electrophoresis 
apparatus and electrophoresis method that enable washing treatment in a short time. 
Means for Solving the Problem 

The present invention is an electrophoresis apparatus that has a gel retaining 
5 layer; one or two sample solution storage portions disposed on either side or bo* sides of 
said gel retaining layer, two semi-permeable membranes disposed on the outer sides of 
said sample solution storage portions; buffer solution storage portions disposed on the 
outer sides of said semi-permeable membranes; a pair of electrodes disposed onrthe outer 
sides of said buffer solution storage portions; and at least one liquid inlet/outlet 
10 respectively provided in each of the sample solution storage portions and the buifer 
solution storage portions. 

The present invention also is an electrophoresis method comprising thessteps of: 
feeding a sample solution to sample solution storage portions and applying a voltage 
across the pair of electrodes while feeding a buffer solution to a buffer solution storage 
1 5 portions, using said electrophoresis apparatus. 
Advantageous Effects of the Invention 

Since the electrophoresis apparatus and the electrophoresis method of tike 
present invention can restrict adsorption of sample molecules onto the electrodes and 
decomposition of the sample molecules due to the electrode reaction caused by 
20 electrolysis and can eliminate the influence of gas by quickly discharging the ga$ that is 
generated from the electrodes by the electrolysis, the hybridization efficiency cafc be 
increased. The present invention can also perform washing treatment in a short time. 

BRIEF DESCRIPTION OF THE DRAWINGS 
25 FIG 1 is a schematic diagram showing an example of the electrophoresis 
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apparatus according to the present invention in which the electrophoresis portion 100, 

which is surrounded by a dashed line, is in shown in an exploded view. 

FIG 2 is an exploded view of the electrophoresis portion of FIG. 1, 
FIG- 3 is a cross-sectional view of the electrophoresis portion 100 along line 
5 A-A' in FIG, 2. 

FIG. 4 is a conceptual view showing another example of the electrophoresis 

apparatus of the present invention; in this example, there is one sample solution storage 

portion. 

FIG. 5 is a schematic drawing showing the electrophoresis portion of FIG. 4. 
10 FIG. 6 is a cross-sectional view of the electrophoresis portion 102 along line 

B~B' in FIG. 5. 

FIG. 7 is a cross-sectional view showing the electrophoresis portion of 
comparative example 2. 

FIG. 8 is a cross-sectional view along line C-C in FIG. 3. 

15 

DESCRIPTION OF THE REFERENCE SYMBOLS 

1 electrode 

2 buffer solution storage portion 

3 semi-permeable membrane 

20 4 sample solution storage portion 

5 gel retaining layer 

6 sample solution storage portion 

7 semi-permeable membrane 

8 buffer solution storage portion 

■ 

25 9 electrode 
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22 carrier gel 

32 sample solution container 

42 temperature controller 

43 arbitrary waveform generator 
5 44 coordination control device 



BEST MODE FOR CARRYING OUT THE INVENTION 
Embodiments for carrying out the present invention will be described below, 
with reference to the attached drawings. 

10 FIG 1 is a schematic diagram showing a first embodiment of the electrophoresis 

apparatus of the present invention, having a structure in which sample solution storage 
portions are disposed on both outer sides of a gel retaining layer. An electrophoresis 
portion 100 of the electrophoresis apparatus is shown as an exploded view. Tte 
electrophoresis portion 100 comprises a gel retaining layer 5, two sample solution 

1 5 storage portions 4 and 6 disposed on the outer sides thereof, two semi-permeabk 

membranes 3 and 7 disposed on the outer sides thereof, buffer solution storage portions 2 
and 8 disposed on the outer sides thereof, and a pair of electrodes 1 and 9 disposed on the 
outer sides thereof. 

FIG, 2 is a perspective view of the electrophoresis portion 100 and a perspective 
20 view of the component members thereof. FIG. 3 is a sectional view showing the cross 
section along line A-A* of the electrophoresis portion in FIG. 2. In both FIG. 1 and FIG. 
2, the stacking surfaces of the component members of the electrophoresis portion are 
illustrated as being stacked in a horizontal direction, However, the stacking surfaces of 
the component members are actually arranged in a stack in the vertical direction as 
25 shown in FIG. 3. 
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In this example, the sample solution spacers 1 1 and 12 are arranged on both 
outer sides of the gel retaining layer 5, with the semi -permeable membranes 3 aad 7 
being disposed on the outer sides thereof Each of the sample solution spacers* 1 1 and 

12 has a hollow portion passing from the surface contacting the gel retaining layer 5 to 
5 the surface on the opposite side, with the hollow portion forming the sample solution 

storage portion 4 and 6, respectively. One surface of the sample solution storage 
portion 4 and 6 contacts the gel retaining layer 5, while another surface thereof contacts 
the semi-permeable membranes 3 and 7, respectively. 

The buffer solution spacers 10 and 13 are arranged on the outer side of ^he 
1 0 semi-permeable membranes 3 and 7, respectively. The buffer solution spacers *1 0 and 

13 have a hollow portion passing from the surface contacting the semi-penneabls 
membranes 3 and 7, respectively, to the surface on the opposite side, with the hollow 
portion respectively forming the buffer solution storage portions 2 and 8, respectively, 
One surface of the buffer solution storage portions 2 and 8 respectively contacts the 

1 5 semi-permeable membranes 3 and 7, while the other surface is sealed by the electrodes 1 
and 9, respectively. Voltage is applied on the gel retaining layer 5 from the outside 
using the electrodes 1 and 9. 

The gel retaining layer 5 has a constitution in which the sample solution 
contained in the adjacent sample solution storage portions 4 and 6 can come into contact 

20 with a gel. It has, for example, a constitution that retains gel in a through-hole portion 
of a porous plate in which one or more through-holes are provided. FIG. 3 shows the 
gel retaining layer in which gel material is held in a plurality of through-holes fanned at 
a specified interval in a plate. Publicly known gel, such as acrylamide-based gel and 
agarose gel, can be used as the gel material. Biological materials, such as DNA probes, 

25 are bound to the gel material. When performing electrophoresis, biological specimen, 
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such as DNA, in a sample solution to be examined, hybridizes with biological material* 
such as DNA probes. 

The gel retaining layer 5 preferably has a constitution that can be readijy 
detached from the electrophoresis portion 1 00 that has been assembled. That is, by 
5 disposing a spacer having a gel retaining layer receiving portion at the position of the gel 
retaining layer 5 in PIG. 3, a structure is achieved in which the gel retaining layer can be 
disposed in the gel retailing layer receiving portion via an insertion method. 

It is sufficient that the area of the sample solution storage portions 4 and 6 
joined to the gel retaining layer 5 is equal to or greater than the cross-sectional area of the 

1 0 gel retaining portion of the gel retaining layer 5. 

The shape of the sample solution storage portions 4 and 6 can be square, or 
various other shapes such as a circle or polygon. The material of the sample solution 
spacers 1 1 and 12 is preferably one that does not cause leakage of the sample solution 
and the washing solution, is chemically stable, hardly leaches ions and other components 

1 5 into the sample solution and washing solution, and adsorbs a minimal quantity of 

specimen molecules in the sample solution. Example materials include butyl rubber, 
nitrile rubber, silicone rubber, Teflon (registered trademark) resin, acrylic resin, &nd 
polycarbonate resin. 

In the present example, as shown in FIG 3 and FIG 8, a sample solution* 

20 inlet/outlet 16 that feeds and drains the sample solution from the lowermost part v>f the 
sample solution storage portion 4, and a sample solution storage portion air 
supply/exhaust port 17 that supplies air from the uppermost portion of the sample 
solution storage portion 4 to the space in the sample solution storage portion 4 and 
exhausts air therefrom are formed in the sample solution spacer 1 1 . Similarly, t sample 

25 solution inlet/outlet IS that feeds and drains the sample solution from the lowermost part 
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of the sample solution storage portion 6, and a sample solution storage portion air 
supply/exhaust port 19 that supplies air from the uppermost portion of the sampde 
solution storage portion 6 to the space in the sample solution storage portion 6 and 
exhausts air therefrom are formed in the sample solution spacer 12. The position of the 
5 air supply/exhaust ports is not limited to the uppermost portion, and the positions of the 
sample solution inlet/outlets are not limited to the lowennost portion. 

When feeding the sample solution into the sample solution storage portions, a 
method of aspiring gas in the sample solution storage portions or a method of forcing the 
sample solution into the sample solution storage portions is adopted. In either zase the 

10 air supply/exhaust ports are used as air exhaust ports. In order to introduce thes sample 
solution without remaining air bubbles in the sample solution storage portions, & device 
that feeds the sample solution from the lowennost portions of the sample solution storage 
portions and removes air from the uppermost portions is preferred here. Also, when 
draining the sample solution from the sample solution storage portions, a method of 

1 5 forcing gas into the sample solution storage portions or a method of suctioning tae 

sample solution from the sample solution storage portions is adopted. In either case, the 
air supply/exhaust ports are used as air supply ports. 

At least one of the sample solution inlet/outlets 16 and 18 and at least one of the 
air supply/exhaust ports 17 and 19 should be provided. Also, the material of the sample 
20 solution inlet/outlets 16 and 18 and the air supply/exhaust ports 17 and 19 is preferably 
one that does not cause leakage of the sample solution and the washing solutionis 
chemically stable, hardly leaches ions and other components into the sample solution and 
the washing solution, and adsorbs a minimal quantity of specimen molecules in the 
sample solution* 

25 It is preferable that the volumetric capacities of the sample solution storage 
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portions 4 and 6 be as small as possible. The smaller the volumetric capacity, 
higher the specimen concentration in the sample solution, which can raise the detection 
sensitivity, 

A solution that contains a specimen of a biological material can be used as the 
5 sample solution to be fed into the sample solution storage portions 4 and 6. For 
example, a solution that contains DNA, RNA, proteins, peptides, surfactants, 
carbohydrates, and the like can be used. The specimen of biological material can be 
labeled with a publicly known method using a fluorescent material, a radioisotope, or a 
chemi luminescent substance. 

10 The semi-permeable membranes 3 and 7 pass small molecules such as water and 

salts in the solution without passing the specimen. For example, hydro gel, such as a 
gelatin film, an acetate film, an acrylamide polymer, and polyvinyl alcohol, and a 
regenerated cellulose film, and the like can be used. Among these, an acetate film is 
preferable in consideration of its mechanical strength and ease of handling and 

15 availability. 

By using the semi-permeable membranes 3 and 7, for example, the buffer 
solution of the buffer solution storage portions 2 and 8 and the sample solution of the 
sample solution storage portions 4 and 6 penetrate the semi-permeable membranes 3 and 
7, to be exchanged. The biological material to be detected that is contained in the 

20 sample solution storage portions 4 and 6 does not pass through the semi-permeable 
membranes 3 and 7, and thus remains in the sample solution storage portions 4 and 6. 
Accordingly, the hybridization reaction can be efficiently performed by having the 
biological material to be detected efficiently brought into contact with the carrier gel of 
the gel retaining layer while being able to adjust the migration conditions, such as 

25 temperature of the sample solution, via the buffer solution. 
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It is still more preferable to select a semi-permeable membrane that has a 
suitable cut-off molecular weight in accordance with the biological material that is the 
detection target* The cut-off molecular weight is the minimum molecular weight that 
retains 90% after 1 7 hours of dialysis. Semi-penneable membranes are available on the 
5 market with a cut-off molecular weight of several thousand to several hundreds of 

thousands. In other words, it is preferable to use a semi-permeable membrane having a 
cut-off molecular weight smaller than the molecular weight of the biological material to 
be detected. 

In the present example, buffer solution feed ports 14 and 20 which feeds the 
10 buffer solution from the lowermost portion of the buffer solution storage portions 2 and 8, 
respectively, are formed in the buffer solution spacers 1 0 and 13, respectively. Buffer 
solution drain ports 15 and 21 which drain the buffer solution from the uppermost portion 
of the buffer solution storage portions are formed, respectively, in the buffer solution 
spacers 1 0 and 13. The position of the buffer solution feed ports is not limited <x> the 
1 5 lowermost portion, and the position of the buffer solution drain ports is not limited to the 
uppermost portion. 

The material used for the buffer solution spacers 10 and 13 may be one that does 
not cause a leakage of the buffer solution and is chemically stable with minimal teaching 
of ions and other components into the buffer solution. Example materials include butyl 
20 rubber, nitrile rubber, silicone rubber, Teflon (registered trademark) resin, acrylic resin, 
and polycarbonate resin. The shape of the buffer solution storage portions 2 and 8 is 
not particularly limited, with shapes such as a square, circle, or polygon possible 

There is no limitation on the number of buffer solution feed ports 14 and 20 and 
the number of buffer solution drain ports 1 5 and 2 1 , The material used for the buffer 
25 solution feed ports 14 and 20 and the buffer solution drain ports 15 and 21 is preferably 
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one that does not cause a leakage of the buffer solution and is chemically stable* with 
minimal leaching of ions and other components into the buffer solution. 

Electrolytic solutions, such as a tris-boric acid buffer (TB), a tris-acetic acid 
buffer (TA), and sodium chloride-sodium citrate (SSC), can be used as the buffer solution 
5 that is held in the buffer solution storage portions 2 and 8. 

Although the material constituting the electrodes 1 and 9 is not particularly 
limited, it is suffice to be a conductive material. Excluding the case of using reversible 
electrodes, it is suitable to use a material that is chemically stable with minimal reaching 
of ions and other components into the buffer solution, with platinum being preferable, for 
10 example. The electrodes 1 and 9 may be flat shaped or be formed in various ofcer 
shapes. Also, the electrodes 1 and 9 can be constituted from a plurality of elecnrodes. 

The spatial relationship of the electrodes 1 and 9 and the buffer solution storage 
portions 2 and 8 is preferably of a construction such that the electrodes 1 and 9 are in 
contact with at least the buffer solution storage portions 2 and 8, respectively, and gas 
1 5 generated from the electrodes 1 and 9 as a result of electrolysis is able to be drained from 
the buffer solution storage portions 2 and 8 together with the buffer solution. A 
structure is also possible in which the electrodes 1 and 9 are immersed in the buffer 
solution storage portions 2 and 8, respectively. 

Moreover, in FIG 3, some or all of the buffer solution feed ports 14 andi20 and 
20 the buffer solution drain ports 1 5 and 21 may also function as electrodes. In such a case, 
the electrodes 1 and 9 become unnecessary. 

The electrodes 1 and 9, the buffer solution spacers 10 and 13, the 
semi-permeable membranes 3 and 7, and the sample solution spacers 1 1 and 12 need not 
be constituted as independent components. For example, at least two among the 
25 electrode 1, the buffer solution spacer 10, the semi-permeable membrane 3, and the 
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sample solution spacer 1 1 can be used as a component manufactured as one pieee. 
Moreover, they can all be used as one piece. In addition, a configuration is al&> 
possible that forms an electrophoresis portion by pressure contacting, adhesion^or 
joining of these members and components. 
5 In the present example, the electrophoresis portion 100 is configured so> that the 

stacking planes of the electrode 1, the buffer solution storage portion 2, the 
semi -permeable membrane 3, the sample solution storage portion 4, the gel retaining 
layer 5, the sample solution storage portion 6, the semi-permeable membrane 7, .the 
buffer solution storage portion 8 and the electrode 9 are positioned in a vertical airection. 
1 0 However, the stacking planes of these component members can be positioned inca 
horizontal direction, vertical direction or any other direction. However, they aye 
preferably positioned in the vertical direction in order to efficiently discharge gae from 
the sample solution storage portions 4 and 6 and the buffer solution storage portions 2 
and 8. 

15 In the present example, a supply mechanism that feeds the sample solution or 

the washing solution to the sample solution storage portions 4 and 6 or drains it 
therefrom is connected (hereinafter referred to as a "sample solution supply mechanism"). 
As shown in FIG. 1, the sample solution supply mechanism comprises a sample solution 
container 32 that stores the sample solution, a sample solution feed/drain pump 11 for 

20 feeding or draining the sample solution from the sample solution container 32 to*or from 
the sample solution storage portions 4 and 6, piping therebetween, an air supply/exhaust 
port 55, and a first flow passage switching device 35. The "flow passage switching 
device" refers to a valve mechanism or to a fluid control mechanism in which flexible 
piping is directly pressed onto one or more connection ports to form a pressure 

25 connection, or a connection means such as a coupler is provided on the piping and 
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connection ports, to switch flow paths by attachment or detachment of the connection 
ports and piping. 

The sample solution container 32 shown in FIG. 1 is connected by piping to the 
sample solution inlet/outlets 16 and 18 shown in FIG. 2 and FIG 3, and the sample 
5 solution feed/drain pump 37 is connected by piping to air supply/exhaust ports : 7 and 1 9 
for the sample solution storage portion shown in FIG 2 and FIG 3. 

The sample solution supply mechanism moreover has a washing solution server 
38 that stores the washing solution prepared in advance; a washing solution feec/drain 
pump 40 that feeds the washing solution from the washing solution server 38 totthe 

1 0 sample solution storage portions 4 and 6 or drains it therefrom; a second flow passage 
switching device 33 that switches the type of solution fed/drained to/from the sample 
solution storage portions 4 and 6 to the sample solution or the washing solution? a 
drained washing solution container 41 that collects the washing solution drained from the 
sample solution storage portions 4 and 6; a third flow passage switching device 39 that 

1 5 switches the washing solution flow path to feeding from the washing solution server 38 
to the sample solution storage portions 4 and 6 or draining from the sample solution 
storage portions 4 and 6 to the drained washing solution container 41; and furthermore 
has a fourth flow passage switching device 36 that switches the operating pump to the 
sample solution feed/drain pump 37 or the washing solution feed/drain pump 40. 

20 As the washing solution, a Iris-boric acid buffer (TB), a tris-acetic acid buffer 

(TA), and sodium chloride-sodium citrate (SSC), and the like can be used* 

When the sample solution supply mechanism of the present example opens the 
flow path to the sample solution container 32 side using the second flow passage 
switching device 33, the sample solution stored in the sample solution container 3 2 is fed 

25 to the sample solution storage portions 4 and 6 through the sample solution inletf outlets 
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1 6 and 1 8 by means of suction applied by the sample solution feed/drain pump .17. The 
amount of the sample solution that is fed can be monitored by a fluid detection aensor 34. 

After termination of the electrophoresis, the sample solution is drained. First, 
the air supply/exhaust port 55 and the sample solution feed/drain pump 37 are 
5 communicated to each other using the first flow passage switching device 35 so that air is 
suctioned to the sample solution feed/drain pump 37, Next, the sample solution 
feed/drain pump 37 and the sample solution storage portions 4 and 6 are communicated 
to each other using the first flow passage switching device 35 . In this state the sample 
solution feed/drain pump 37 is set to the push-out side, and air is fed to the sample 
1 0 solution storage portions 4 and 6 to drain the sample solution held in the sample solution 
storage portions 4 and 6. 

Next, the washing solution is fed to the sample solution storage portion* 4 and 6. 
Using the second flow passage switching device 33 and the third flow passage switching 
device 39, the washing solution server 38 and the sample solution storage portions 4 and 
15 6 are made to communicate with each other. In this state, the washing solution 
feed/drain pump 40 is set to the suction side, and the washing solution stored in tie 
washing solution server 38 fed from the sample solution inlet/outlets 16 and 1 8 to the 
sample solution storage portions 4 and 6. The amount of the washing solution that is 
fed can be monitored by the fluid detection sensor 34. 
20 The draining of the washing solution is performed according to the fallowing 

procedure. First, using the fourth flow passage switching device 36 and the firs< flow 
passage switching device 35, the air supply/exhaust port 55 and the washing solution 
feed/drain pump 40 are communicated to each other so that air is suctioned to the 
washing solution feed/drain pump 40. Next, the third flow passage switching device 39 
25 is set to the side to drain to the drained washing solution container 41 . Furthermore, the 
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washing solution feed/drain pump 40 and the sample solution storage portions 44 and 6 
are communicated to each other using the first flow passage switching device 35. In 
this state, the washing solution feed/drain pump 40 is set to the push-out side, and air is 
fed to the sample solution storage portions 4 and 6 to drain the washing solutionaheld in 
5 the sample solution storage portions 4 and 6. 

The feeding operation and drain operation for the washing solution can t>e 
repeated a plurality of times. Also, where the washing solution is held in the sample 
solution storage portions 4 and 6, it can also be removed by applying a voltage across the 
electrodes to cause electrophoresis of unbound specimens* 

1 0 When contamination due to the sample solution containing a radioisotope, 

mutagen, and the like poses a problem in the sample solution feeding mechanism, it is 
preferable to use a fluid control mechanism in which flexible piping that readily enables 
discarding of the contaminated portion is directly pressed onto one or more connection 
ports to form a pressure connection, or a connection means such as a coupler is provided 

15 on the piping and connection ports, to switch flow paths by attachment or detachment of 
the connection ports and piping. 

While both the sample solution feed/drain pump 37 and the washing solution 
feed/drain pump 40 are provided in the present example, a structure is also possible in 
which the sample solution or the washing solution is fed to the sample solution siorage 

20 portions 4 and 6 or drained therefrom by a single pump. Moreover, a constitution is 
possible that further adds a flow path switching device to enable selective use of ^ 
plurality of sample solutions and washing solutions. 

In the present example, the sample solution storage portions 4 and 6 share the 
sample solution feeding mechanism. However, solution feeding mechanisms can also 

25 be independently installed for the sample solution storage portions 4 and 6 for feeding 
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and draining of the sample solution or washing solution, 

Also, it is preferable to provide a sample solution supply mechanism that 
selectively feeds sample solutions or washing solutions of which one or more of a 
concentration, a temperature, and a composition differ to the sample solution storage 
portions 4 and 6. 



For example, a second washing solution server is installed that holds a washing 
solution of which one or more of the concentration, temperature and composition differs 
from the washing solution stored in the washing solution server 38. Then, by tfieans of 
the flow path switching device, which switches to one of the second washing solution 
1 0 server and the washing solution server 38, and the washing solution feed/drain pump 40, 
the washing solution can be maintained in the optimum conditions. 

In the present example, a supply mechanism that feeds the buffer solution to the 
buffer solution storage portions 2 and 8 and drains it therefrom (hereinafter referred to as 
the "buffer solution supply mechanism") is provided. As shown in FIG. 1 , the suffer 

15 solution supply mechanism is constituted from buffer solution servers 23 and 27*that 
store the buffer solution prepared in advance; buffer solution sending pumps 24 tod 28 
that send the buffer solution from the buffer solution servers 23 and 27 to the busier 
solution storage portions 2 and 8; piping therebetween; and buffer solution flow aath 
switching device 26 and 30 that switches to draining the buffer solution drained from the 

20 buffer solution storage portions 2 and 8 to a drained buffer solution container 3 1 or to 
recycling it between the buffer solution servers 23 and 27. The buffer solution servers 
23 and 27 are connected to the buffer solution feed ports 14 and 20, Piping is connected 
to the buffer solution drain ports 15 and 21 shown in FIG. 3, and this piping extends to 
the drained buffer solution container 31 and the buffer solution servers 23 and 27, 

25 When the buffer solution flow path switching device 26 and 30 is set to oe 
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opened to the drained buffer solution container 3 1 in the buffer solution supply 
mechanism of the present example, the buffer solution is sent from the buffer solution 
servers 23 and 27 through the buffer solution feed ports 14 and 20 to the buffer solution 
storage portions 2 and 8 by the buffer solution sending pumps 24 and 28, from *vhere it is 
5 subsequently drained to the drained buffer solution container 3 1 . 

When the buffer solution flow path switching device 26 and 30 is set tc circulate 
the buffer solution between the buffer solution storage portions 2 and 8 and the ouffer 
solution servers 23 and 27, the buffer solution can circulate between the buffer solution 
server 23 and the buffer solution storage portion 2, and between the buffer solution 
1 0 server 27 and the buffer solution storage portion 8 . 

By thus continuously or intermittently running the buffer solution sendiig 
pumps 24 and 28 for suction or drain in the buffer solution supply mechanism, the buffer 
solution can be continuously or intermittently fed to the buffer solution storage portions 2 
and 8 or drained therefrom. In addition, suction pumps can be installed on the opposite 
1 5 sides of the buffer solution sending pumps 24 and 28 for the buffer solution storage 
portions 2 and 8 in the buffer solution supply mechanism. 

In FIG. 1, the buffer solution supply mechanism, that supplies the buffer 
solution to the buffer solution storage portions 2 and 8, is independently installed for 
each buffer solution storage portion. However, a portion or all thereof may be installed 
20 in a shared manner. Furthermore, a buffer solution supply mechanism can also*be 
provided that comprises a plurality of buffer solution servers of which each stores a 
buffer solution of which one or more of a concentration, a temperature, and a 
composition differs, a buffer solution sending pump, and a flow path switching cfevice 
that switches the buffer solution to be fed to the buffer solution storage portions 2 and 8 
25 to a buffer solution server. Thereby, buffer solutions of which one or more of a 
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concentration, a temperature, and a composition differ can be selectively supplied to the 
buffer solution storage portions 2 and 8. By doing so, the concentration, temperature, 
and composition of the buffer solution can be maintained at the optimal conditions for 
hybridization and cleaning. 
5 A suitable method of use in the first embodiment of the present invention will be 

described below with reference to FIG 1 and FIG 2. 

A solution of a biological material such as DNA is prepared and labeled by a 
publicly known method to make the sample solution. The sample solution, buffer 
solution and washing solution prepared in advance are stored in the sample solution 
1 0 container 32, the buffer solution servers 23 and 27, and the washing solution server 38, 
respectively. First, by setting the second flow passage switching device 33 to the 
sample solution side and the sample solution feed/drain pump 37 to the suction aide, the 
sample solution is fed from the sample solution container 32 to the sample solution 
storage portions 4 and 6. 
1 5 Also, by setting the buffer solution flow path switching device 26 and 3D to 

circulate between the buffer solution storage portions 2 and 8 and the buffer solution 
servers 23 and 27, respectively, and running the buffer solution sending pumps 14 and 28, 
the buffer solution is circulated therebetween. 

Next, by applying a voltage across the electrodes 1 and 9, with the electrode 1 
20 serving as the positive electrode and the electrode 9 serving as the negative electrode, the 
DNA specimen contained in the sample solution is made to migrate. For example, a 
negatively charged DNA specimen will migrate from the sample solution storage portion 
6 into a carrier gel 22 of the gel retaining layer 5. The DNA specimen specific ~o a 
DNA probe immobilized in the carrier gel 22 hybridizes with the DNA probe to fee 
25 retained in the carrier gel 22. A DNA specimen that is not complimentary to (h« DNA 
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probe will migrate through the sample solution storage portion 4 in the direction of the 
semi-permeable membrane 7 without hybridizing with the DNA probe. A DMA 
specimen that does not hybridize with a DNA probe will be referred to as an "uabound 
specimen". 

5 Here, if the polarity of the electrodes is reversed so that the electrode 1« is an 

anode and the electrode 9 is a cathode, an unbound specimen will re-migrate frcm the 
sample solution storage portion 4 into the carrier gel 22. Accordingly, by reversing the 
voltage applied on the electrodes, an unbound specimen can be made to travel both ways 
between the sample solution storage portion 4 and the sample solution storage portion 6, 

1 0 which can increase the hybridization efficiency with the DNA probe. 

By continuing to run the buffer solution sending pumps 24 and 28 white the 
voltage is being applied, at the same time as feeding the buffer solution from the buffer 
solution feed ports 14 and 20 to the buffer solution storage portions 2 and 8, respectively, 
gas that is generated on the surfaces of the electrodes 1 and 9 is drained from the buffer 

1 5 solution drain ports 1 5 and 2 1 together with the buffer solution. 

After terminating the voltage application, the fourth flow passage switching 
device 36 is set to the washing solution feed/drain pump 40 side, the third flow passage 
switching device 39 is set to the feed side, and the washing solution feed/drain pump 40 
is set to the suction side to suction the washing solution from the washing solution server 

20 38. Thereby, the sample solution in the sample solution storage portions 4 and 6 is 
replaced by the washing solution. By subsequently applying a voltage between the 
electrode 1 and the electrode 9, only the negatively charged unbound specimens migrate 
to the sample solution storage portion on the positive electrode side to be removed from 
the gel retaining layer 5. Here, the removal of said unbound specimens can also be 

25 performed while agitating the washing solution of the sample solution storage portions 4 
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and 6 by suctioning or draining the washing solution feed/drain pump 40. 

After terminating the voltage application, by setting the third flow passage 
switching device 39 is set to the draining side and setting the washing solution feed/drain 
pump 40 to the push-out side, the washing solution containing the unbound specimens is 
S drained from the sample solution storage portions 4 and 6 to the drained washing solution 
container 4 1, 

Next, the gel retaining layer 5 is removed, and the biological material retained in 
the carrier gel 22 is detected using a detection method compatible with the labe&ng 
method used for the sample solution. 

10 In the present embodiment, it is preferable that the buffer solution feedsports 14 

and 20 are formed at the lowermost portion of the buffer solution spacers 10 and 13, 
respectively, and the buffer solution drain ports IS and 21 are formed at the uppermost 
portion of the buffer solution spacers 1 0 and 13, respectively. This enables the gas 
generated near the electrodes 1 and 9 when voltage is applied thereto to efficiently 

1 5 discharge from the buffer solution storage portions 2 and 8. According to this structure, 
the moving rate of the biological material in the sample solution storage portions 4 and 6 
and the diffusion rate in the carrier gel 22 are improved, and electrophoresis can be 
performed without causing problems such as the formation of an insulating layer causing 
by gas generated from the electrodes 1 and 9, and thus detection accuracy improves. 

20 Also, since the buffer solution can be continuously supplied to the buffer 

solution storage portions 2 and 8 using the buffer solution supply mechanism, the ion 
concentration can be made uniform in the buffer solution storage portions 2 and*8 and the 
sample solution storage portions 4 and 6 that make contact therewith via the 
semi-permeable membranes, and thus the detection accuracy can be increased. 

25 In the present example, a temperature control mechanism is provided for heating 
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or cooling the buffer solution supplied to the buffer solution storage portions 2 and 8. 

As shown in FIG. 1, the temperature control mechanism comprises hes* 
exchangers 25 and 29 that heat or cool the buffer solution supplied to the buffe? solution 
storage portions 2 and 8 to a specified temperature, and a temperature controller 42. 
5 Heating or cooling the buffer solution by operating the heat exchangers 25 and 

29 in accordance with a signal set in advance in the temperature controller 42 in such a 
temperature control mechanism can maintain the buffer solution storage portions 2 and 8 
at the specified temperature, and thus the temperature of the sample solution in die 
sample solution storage portions 4 and 6 and the temperature of the carrier gel 22 in the 

1 0 gel retaining layer 5 can be held constant. 

The method of heating and cooling the buffer solution is not particularly limited. 
For example, a heat-medium-circulation method that circulates a heat medium between 
the heat exchangers 25 and 29 and the temperature controller 42, and a method ihat 
performs heating and cooling using a Peltier device as the heat exchangers 25 aad 29 can 

15 be used. 

Furthermore, a mechanism can be provided in which a temperature detecting 
element, such as thermocouple, is installed inside or near the exterior of the sanjple 
solution storage portions 4 and 6, with the temperature of the buffer solution being 
optimally adjusted in accordance with a signal from the temperature detecting eiement. 
20 In the present invention, the electrode 1 and the electrode 9 are connected via 

■ 

electrical wiring and a signal generator mechanism. The signal generator mechanism 
comprises an arbitrary waveform generator 43 that sets or selects an arbitrary waveform 
by an external signal, sets the output voltage and can control the ON/OFF of the; output; 
and a coordination control device 44 that can send a control signal to the arbitrary 
25 waveform generator 43 according to a sequence and a time set beforehand. Using this 
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signal generator mechanism, an arbitrary voltage having an arbitrary waveform: 
containing a direct current can be applied on the electrophoresis portion in accordance 
with the predetermined sequence and time. 

In the present example, the arbitrary waveform generator 43, the temperature 
5 controller 42, buffer solution sending pumps 24 and 28, fluid detection sensor 34 that 
monitors the feed rate and temperature, and the like of the sample solution or the washing 
solution, the buffer solution flow path switching device 26, the second flow passage 
switching device 33, the first flow passage switching device 35, and the third flow 
passage switching device 39 are connected by signal circuitry to the coordination control 

1 0 device 44 to thereby form a coordination control mechanism* 

In such a coordination control mechanism, feed rate or temperature signals of 
the sample solution or the washing solution detected by the fluid detection sensor 34 are 
sent to the coordination control device 44. Signals for controlling the buffer solution 
sending pumps 24 and 28, the temperature controller 42, and the arbitrary waveform 

1 5 generator 43 are then sent from the coordination control device 44 to the buffensolution 
sending pumps 24 and 28, the temperature controller 42, and the arbitrary waveform 
generator 43. 

Using such a coordination control mechanism can coordinate the buffer solution 
supply mechanism and the sample solution supply mechanism, or can coordinate the 
20 buffer solution supply mechanism, the sample solution supply mechanism and the signal 
generator mechanism. Accordingly, electrophoresis can be continued with tht 
temperature, composition, and concentration of the buffer solution and the sample 
solution as well as the current that is applied on the gel retaining layer 5 maintained at 
optimum conditions. 

25 Moreover, the operation of the flow path switching device and the operation of 
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the temperature control mechanism can be earned out in coordination, 

FIGS. 4 to 6 show the electrophoresis apparatus according to a second 
embodiment of the present invention, having a structure in which the sample solution 
storage portion 4 is disposed on only one side of the gel retaining layer. 
5 In the present example, the sample solution is fed to the sample solution storage 

portion 4 from the sample solution container 32 similarly to the first embodiment of the 
present invention. When a voltage is applied across the electrodes 1 and 9, with the 
electrode 1 serving as the anode and the electrode 9 serving as the cathode, a negatively 
charged specimen contained in the sample solution storage portion 4 will migraie from 

10 the sample solution storage portion 4 into the carrier gel 22 of the gel retaining iayer 5 by 
the applied voltage. A DNA specimen that is complimentary to a DNA probe held in 
the carrier gel 22 hybridizes with the DNA probe to be retained in the carrier gd 22. A 
specimen that is not complimentary to the DNA probe will pass through the gehretaining 
layer 5 to be blocked by the semi-permeable film 7, and thus condenses between the 

1 5 semi-penneable film 7 and the gel retaining layer 5. 

Here, when the voltage that is applied on the electrodes is reversed so that the 
electrode 1 is the cathode and the electrode 9 is the anode, a negatively charged runbound 
specimen will migrate to the sample solution storage portion 4. The unbound specimen 
in the sample solution storage portion 4 is then drained to the drained washing solution 

20 container 41. 
Examples 

(Example 1) (Manufacturing a DNA Chip for Gel Retaining Layer) 

Two porous plates were prepared, each being an SUS304 plate measuring 35 
mm long, 35 mm wide, and 0. 1 mm thick having 25 holes with a diameter of 0.32 mm 
25 formed in the center region measuring 2.1 mm x 2.1 mm of each plate, the holes being 
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formed in five columns and five rows at intervals of 0.42 mm. These porous jdates 
were stacked, with polycarbonate hollow fibers (having an outside diameter of 8.28 mm, 
an inner diameter of 0 . 1 6 mm, and a length of 1 00 cm) passed through each of the holes. 
Next, the two porous plates were separated so that one is 1 0 cm and the other is? 60 cm 
5 from one end of the fibers, with a 50-cm gap thereby being formed between theaporous 
plates. These porous plates and the hollow fibers therebetween were then enctosed in a 
10 mm-thick polytetrafluoro ethyl ene plate. 

Next, this enclosure was filled with a polyurethane resin (Nipporan 42?6, 
Collonate 4403 manufactured by Japanese Polyurethane Industry Co,) colored by carbon 

1 0 black (MAI 000 manufactured by Mitsubishi Chemicals Corp.). The resin wa* then 
cured by being left to stand for one week at room temperature. Afterward, tha porous 
plates and the polytetrafiuoro ethylene plate enclosure were removed to obtain a 
hollow-fiber arranged body of a rectangular shape measuring 20 mm * 20 mm and SO 
nun long. Twenty-five hollow fibers were arranged in the center portion measuring 2.1 

15 mm x 2.1 mm of the cross section of the hollow-fiber arranged body. 

A mixed solution was then prepared containing 4.5 parts by weight of M, 
N-dimethylacrylamide, 0.5 part by weight of N, N-methylenebisacrylamide, 0.1 part by 
weight of 2, 2'-azobis(2-aminopropane) dihydrochloride, and 95 parts by weight of water. 
This mixed solution was fed into the hollow portions of 22 hollow fibers of the 

20 hollow-fiber arranged body. Into the remaining three hollow fibers was fed a solution 
containing 40-base DNA added to said mixed solution at a concentration of 5 ncnol/ml. 
Polymerization was then conducted for three hours at 70°C to generate a gel material in 
the hollow portions of the hollow fibers. Afterward it was cut into slices 0.5 mm thick, 
which were further trimmed around the edges to obtain DNA chips each measiffing 12 

25 mm x 12 mm * 0.5 mm. 
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Next, the electrophoresis apparatus shown in FIGS. 1 to 3 was assembled using 
the following components. That is, the aforementioned DNA chip was used as the gel 
retaining layer 5, and a semi-permeable membrane comprising Spectropore (with a 
molecular mass cutoff of 3500) manufactured by Spectrum Medical Industries was used 
5 as the semi-permeable membranes 3 and 7. Also, butyl-rubber buffer solution&pacers 
10 and 13, butyl-rubber sample solution spacers 1 1 and 12 and platinum electrodes 1 and 
9 were arranged in the constitution shown in FIG. 1 and pressed together to fonh the 
electrophoresis portion 102. Also, the arbitrary waveform generator 43 was connected 
to the electrodes 1 and 9, and the heat exchangers 25 and 29 and the temperature 

1 0 controller 42 were installed. 

The buffer solution storage portion was one measuring 8 mm long, 8 nan wide 
and 2 mm thick, having a volumetric capacity of 128 microliters, while the sanrble 
solution storage portion was one measuring 8 mm long, 8 mm wide and 1 mm thick, 
having a volumetric capacity of 64 microliters. 

15 First, 50 ml of a 0.5 x TB - 15 mM NaCl solution was poured into eacb buffer 

solution server 23 and 27, the buffer solution flow path switching device 26 and 30 were 
set to the circulation side, and the buffer solution sending pumps 24 and 28 were 
activated to circulate the buffer solution between the buffer solution server 23 and the 
buffer solution storage portion 2 and between the buffer solution server 27 and <he buffer 

20 solution storage portion 8 9 respectively* At this time, the buffer solution was fed from 
the lowermost portion of the buffer solution storage portions 2 and 8 through the buffer 
solution feed ports 14 and 20, and the buffer solution was drained from the uppermost 
portion of the buffer solution storage portions 2 and 8 through the buffer solution drain 
ports 1 5 and 21 . The temperature of the buffer solution was set to 45°C using die 

25 temperature controller 42. 
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The sample solution was made by dissolving 100 finol of a 40-base pair DNA 
specimen a, labeled with Cy™5 dye (excitation wavelength 635 nm, detection wavelength 

■ 

660 nm), that can complementarity bind to DNA that is immobilized with said base 
material gel in the DNA chip (hereinafter referred to as "probe A"), and 100 finol of a 
5 40-base pair DNA specimen b, labeled with Cy*3 dye (excitation wavelength 580 nm, 
detection wavelength 570 nm), that does not complementarity bind to the probe in 100 
microliters of the 0,5 * TB - 15 mM NaCl solution. After storing the sample solution in 
the sample solution container 32, the fourth flow passage switching device 36 is set to the 
sample solution side and the sample solution feed/drain pump 37 is set to the suction side, 
10 whereby the sample solution is suctioned and fed to the sample solution storage*portions 
4 and 6. 

The washing solution comprises an 0>5 * TB - 15 mM NaCl solution that is 
stored in the washing solution server 38. 

A direct current is applied by the arbitrary waveform generator 43 so that the 
15 electrode 1 is the positive electrode and the electrode 9 is the negative electrode, thereby 
causing the migration of the DNA specimen a and the DNA specimens a and b contained 
in the sample solution. The applied voltage is 3 V, and the application time is : 0 
minutes. 

Thereafter, the sample solution feed/drain pump 37 was set to the pushtout side, 
20 and the sample solution was drained from the sample solution storage portions * and 6 to 
the drained washing solution container 41 . Without a break, the fourth flow passage 
switching device 36 was set to the washing solution side and the third flow passage 
switching device 39 was set to the feed side, whereby the washing solution was*suctioned 
from the washing solution server 38 using the washing solution feed/drain pump 40. By 
25 continuously replacing the sample solution in the sample solution storage portions 4 and 
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6 with the cleaning solution* the unbound specimens were flushed out of the sample 
solution storage portions 4 and 6. 

Next, the direct current voltage was applied with the polarity reversed using the 
arbitrary waveform generator 43, so that the electrode 1 was the negative electrode and 
5 the electrode 9 was the positive electrode. This removed the DNA specimens from the 
gel retaining layer 5 that had not bound with the probe A. The applied voltages as this 
time was 3 V, and the application time is 10 minutes. 

After terminating the voltage application, the gel retaining layer 5 was removed 
and inspected under a fluorescence microscope with excitation wavelengths of 532 nm 
10 and 633 nm. 

As a result, among the 25 carrier gel portions in the gel retaining layer :i, 
fluorescence emitted by the Cy*5 dye was detected only at the three locations where the 
probe A is immobilized, while fluorescence emitted by the Cy"3 dye was not detected at 

any of the locations. 
1 5 (Comparative Example 1 ) 

Instead of concentrating the DNA specimen and hybridizing with the piobe by 

electrophoresis, hybridization and washing were performed similarly to Example 1 9 

without applying a voltage while leaving to stand for 10 minutes. The gel retaining 

layer 5 comprising a DNA chip was then observed under a fluorescence microscope 
20 similarly to Example 1 . 

As a result, fluorescence emitted by the Cy™5 dye was detected only afcthe three 

locations where the probe A was immobilized, however, the fluorescence intensity was 

one-tenth or less compared with Example 1 . 

(Comparative Example 2) 
25 As shown in FIG* 7, hybridization and washing by electrophoresis were? 
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performed similarly to Example 1 , except for using an electrophoresis apparatus that was 
not equipped with the buffer solution storage portions 2 and 8 and the semi-permeable 
membranes 3 and 7. The gel retaining layer 5 was observed under a fluorescence 
microscope similarly to Example 1. 
5 As a result, neither the fluorescence emitted by the Cy™5 dye nor the 

fluorescence emitted by the Cy™3 dye were detected at any of the 25 carrier gekportions 
in the gel retaining layer 5, It is considered that the hybridization efficiency decreased 
due to decomposition of the nucleic acid specimens from the electrode reaction reused 
by electrolysis. 



